Introduction
The polar cusps are the only regions through which the topside terrestrial ionosphere can have continuous contact with solar wind plasma. It is believed that the solar wind plasma in the high latitude cusp was plasma injected across the Earth's magnetopause during magnetic reconnection [see Smith and Lockwood, 1996] . Peterson, 1985] . The velocity filter effect also causes an energy-pitch angle dispersion. Ions with larger pitch angles need to have higher energies to arrive at the observing satellite at the same time as ions travelling with lower pitch angles. For a steady rate of reconnection at the magnetopause, the ion energy should show a continuous latitudinal dispersion. In contrast, a pulsating cusp model predicts that the ion signature shows discontinuities, sudden steps in the energy-latitude profile. Those observations were interpreted as evidence for multiple access of magnetosheath plasma to the same flux tube at different times, generating independent plasma clouds injected towards the ionosphere. However, Lockwood [1995] pointed out that these observations could be also interpreted as a single pulsed reconnection together with a finite gyroradius effect. The overlap in the data occurred only for non field-aligned ions due to their finite gyro radii. Downward precipitating field-aligned ions showed only an upward step and no overlap. This is caused by a reconnection rate which goes to zero between two pulses and switches off field-aligned ions, while higher pitch angle ions are still seen due to their different times-of-flight.
The model by Lockwood [1995] The March 22 event, however, does not satisfy all of the above described conditions. There are overlapping traces at lower energies followed by a trace at higher energies. The original trace was unaffected by these onsets, indicating that steady reconnection conditions applied to the magnetopause. The traces are well separated in energy and also overlap for field-aligned ions, in contrast to the observations reported by Yamauchi and Lundin [1994] . The overlapping traces do not bifurcate from a preexisting cusp signature and also do not merge at higher latitudes as described in the model by Lockwood [1995] . They rather disappear within seconds, leaving the original trace unaffected.
In contrast to the first example, the second example shows no original trace and additional traces appearing at higher and lower energies. Both traces in the second event appeared simultaneously at separated energies within the 12 seconds of our time resolution and showed no sudden upward or downward steps in energy during their existence. That again would be consistent with steady reconnection conditions. Both traces also overlap for field-aligned ions but do not develop out of a preexisting cusp signature. In addition, the solar wind conditions before the rotation of the magnetic field were again stable. [1985] suggested that magnetic reconnection will occur preferentialy for antiparallel IMF and terrestrial magnetic field. They also showed preferred reconnection sites on the magnetopause according to the direction of the IMF. The first case described above is particularly difficult because the IMF was almost radial. It would be draped around the magnetopause and small fluctuations in the direction could have a large effect on the location of the reconnection region. We will discuss these scenarios together with additional events from our survey in a subsequent paper. ET Models of cusp ion precipitation have reached a reasonable state of maturity for relative simple conditions such as strongly southward IMF. However, it is clear form the TIMAS observations presented here that more complicated conditions such as radial IMF tend to complex cusp ion precipitation signatures that are not easily understood with current models. It is hoped that as more events like these are identified, their properties may lead to the extension of cusp models.
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